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(54) ALIGNER 
(57)Abstract: 

PURPOSE: To provide an afigner having a small-size and 
high-accuracy alignment optical system which is stable 
against an environmental change such as the fluctuation 
of air, vibration, heat, etc., regardless of the type of a 
projection lens. 

CONSTITUTION: An alignment optical system is 

constituted of a fight source optica! system 2, a , 

positional deviation detecting optical system and a photo '**h>3**£ ^5?*S*p 



detecting optical system 4. These three optical systems 
are combined with each other with plane-of-polarization 
maintaining optica! fibers 20, 21 and multimode optica! 
fibers 28, 29. In order to make an adjustment to the 
Intensity of alignment light which enters the optical 
fibers 28, 29, the amplitude of a beat signal which has 
been converted into an electric signal by the photo 
detecting optical system 4 is detected by a detector 65 
and a comparison and judgement device 66 outputs a 
signal which controls the output of a power supply 67 of 
an acoustic optical modulator 54 of the Jight source 
optical system 2 so that the detected amplitude may be fixed. 
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CLAIMS 



LCIaim(s)] 

[Claim 1] The fight source optical system which carries out outgoing radiation of the coherent 
alignment light in order to carry out alignment of the body placed on the image formation side of 
a projection lens. The location gap detection optical system which was connected to said light 
source optical system through the 1st optical fiber, and has been arranged near the projection 
lens. The light-reoeiving optical system which changes into an electrical signal the alignment 
light by which is connected to said location gap detection optical system through the 2nd optical 
fiber, and outgoing radiation is carried out from the 2nd optical fiber. It has an alignment light 
control system on the strength for making regularity the amplitude of the electrical signal from 
said light-receiving optical system. Alignment light is irradiated by whenever [ specific incident 
angle ] according to location gap detection optical system through said 1 st optical fiber at the 
diffraction grating on said body from said light source optical system. Lead the diffracted light 
from said body to said light-receiving optical system through said 2nd optical fiber and it 
changes Into. an electrical signal. The aligner characterized by adjusting the alignment luminous 
intensity which carries out incidence to said 1st optical fiber so that the objective amount of 
location gaps may be calculated from this electrical signal, the amplitude of said electrical signal 
may be further measured according to said alignment light control system on the strength and 
that amplitude may become fixed. 

S '^.H 2 - 1 Usht source °Pt«'c*l system is an aligner according to claim 1 characterized by having 
the light source which generates the coherent light of 1 cycle, and the acoustooptio modulator 
which carries out the sequential output of the diffracted light which is allotted to a serial on the 
optical axis and is slightly [ a frequency ] different. 

[Claim 3) Light sour™ optica! system is an aligner according to claim 1 characterized by havine 
the light source which generates the coherent light of 1 cycle, the beam splitter which divides 
said coherent light into the 2 flux of lights, and the acoustooptic modulator which carries out the 
sequential output of the diffracted light which carries out Incidence of each flux of light divided 
into two, and is slightly [ a frequency ] different. 

[Claim 4} An alignment light control system on the strength is an a |i S ner according to claim 2 or 
3 characterized by having a means to detect the amplitude of the electrical signal changed by 
light-receiving optical system, a means to output a control signal so that the amplitude of said 
electrical signal may become fixed based on said detection result, and a means to control the 
power supplied to an- sceuctaoptie modulator with said control signal. 

[Claim 5] Location gap detection optical system is an aligner according to claim 4 characterized 
by preventing the fall of location gap detection preolsion to the disturbance which has the 
envfronmtm ^ *" P d< * t0cti ° n '' n the int « rior -. and °" °Ptioal fiber receives from a surrounding 

[Claim 6] The aligner according to claim 4 or 5 characterized by incorporating to location gap 
detection optical system since the diffracted light is reflected in respect of said coating from on 
a wafer while irradiating on a wafer, since the alignment light which irradiates on a wafer from 
location gap detection optical system Is reflected in respeot of coating of the lowest side of a 
projection lens. .. 
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[Claim 7] The aligner according to claim 6 characterized by enabling* light-receiving of Lfie 
newest thing when said diffraction grating is updated by carrying out image formation of the 
expansion image of the diffraction grating on a wafer to aperture by using one side of the 2nd 
optical fiber as a picture transmission optical fiber, and controlling the location of said aperture. 



[Translation done J 
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RETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



[0002] 

[Description of the Prior Art] In recent years, densification of the semiconductor device used as 
the motive power of technological innovation is carried cut increasingly, and S £ d "a* * 
of each .component tends tc amount to 0.5 micrometers or less. In J^Z^tS^l^T 
pattern, in order to perform superposition exposure covering many times which ^ n«rf-w + S 
tun. of semi-conductor manufacture, the alignment during each i^t £n£ ? ^ 

prepared » one — « pair — tn e - tvvo „ / , d _„ "/ a ™™L a J 1 8 a " having 
2 flux of lights are projected on 2nd arid 1 21 1 21 • nn . u IV ^ o ^ P "~ P ro J ect| nff . If the 

diffract in the direction with wLh the diffractfd |° . ! 18 ?° m f SU ' tab,e dir * c «°"> it wiil 
of diffracted-lisht 122.122' In lich ft ^ thi * > Pa- 

tens the 117,117' — inside is passed that d?f£L *i J • T 6 pn V ect,on '»ne 119 and 2nd 
photodetector 123 ^Tlnd ^^^tj!^ eWfraoted-light re.nforcement is detected by 
becomes po.^^ * wafer US 

[0004] * those d, ™3rences may serve as zero. 



of being effective. For example shoe th /ass fn^TTt* *° B ° th ' there is a 

restricted to ultraviolet Nation such « SlT ° r constituti "e dioptric sys tem i s 

light ] in the future, KbCZ^ZT:"^^ 1 ™ e ? P6cted to b «°°™ In use £ exposure 
amended chromatic ebeVrS Fo thU ^ reason ^ ^ T^ 5 " 1 pro J ectio " °Pt'°s which 
amended eh™tlo. e b a ~2™ is denned .o ^h^ a , chr ° mat,sm Projection option which 
on exposure w«v-lanW w ^SS^n^St?; T*" may fu " V be Carriod out only 
and the conjuration of an -Cm^rt s^em C r " ,° ^ " Bht ° f 0th ° r ^I'ngth. 

fens becomes very difficult M^ver when it ^ ! l.ght posaes along a projection 
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that superposition precision will fall. 

[0005] This invention solves such a conventional problem, miniaturizes alignment optical system 
makes it possible to place this in the middle of a projection lens end the body on an image 
. wi-matjon a.de; and aims at offering the aligner objective alignment enabled it to perform with 
high decree of accuracy by this alignment system P«rrorm w.m 

[0006] 

SLTS^S^ 0 '! 1 " k*' f T7 b,em] ™ S ^efon is equipped with the optical waveguide which has 
the flexib.lrty wh.ch combines m order the light source cptical system which carries out outgoing 
rad.at.on of the coherent alignment light in order to attain the above-mentioned purpose. the 
Zn^JZ* tr^*** ! y u tertl Wh ' Ch receives the diffra ^ed light which irradiated seid 
^T^tt^ V I l dV HaS r8tUrned ' the '''eht-recelving optical system which detects 
rnnrT^ 6 h reoeived W, and said three optical system. 

^t n rm°CLT h r, ef ° re ' \ C : CO r d, ' nff to this invention, by combining location gap detection optical 
wh£h TLi*? . 0pt 'f. a, eVStB T' ,i S" t - receivi «5 optical system by the optical waveguide 

which has i fl.xib.flty. location gap detection optical system can be miniaturized and mounting to 
equipment can be made easy. Location gap detection optical system can be arranged directly 

nrolril V ^, t0 °? Space u w ^ re * out and back.ash was restricted extremely ] a 

projecbon lens, and the aligner which has the highly precise alignment system which minimum' 
ized effect of vibration and atmospheric air and effect of heat deformation of equipment can be 

Tnono'l • . .... 

[Example] Hereafter, the example of this invention is explained with reference to a drawing 
Drwafliie.1 i w thB outline block diagram showing the basic configuration of the aligner in the 
example of this invention and shows one shaft of the direction of X among the alignment 

SiSSE IT? f S ° f . X> u 1 Snd theta ' The ° Ut,ine block duram of location gaj 
2ta uJSfTit f y . ^ /t rf0rmS l0 ° ati0n gap dete °ti°n of the wafer with which dewing 
f " ' f ° rthc 1 «*««"pl8 of this invention, and drawing..? are the outline block diagramsc? 

the l.ght source optical system which combines with an optical fiber the laser beam by which 
outgoing rodiat.cn is carried out from the laser light source similarly used fr>r the i S + exampl- 
r.,z «et», urawin* or a laser li e ht source having shown drawing_4 by drawirjg 3 . the mimetic 
diagram showing the work as a spatial filter of a collimator lens fin /in"draw^5 / ££7* 

rnnnal r ? d . ,ffra , ot ? d U * ht from the wafer used for the 1 st example. 

C0009J n drawiag_L . the wafer which is the body with which alignment of 1 is carried out the 

y u?°u ° Wh ' Ch ? !rradiates «»Bnmenl light on a wafer 1. and 4 are light-receiving optical 

? - J b<Sht ;i d 1 7 V th * rBtfC 6 V/h ° Se 5 iS thB or, « ,n " 1 ««o«llhg of exposure, and 0 ,,■» 

whlohl th! 1 a , nd ,» }. a,, f 1me l ." t i iEht - 20 - the P>«ne-of~polari Za t?on maintenance optical fiber 
which , 8 the 1st optical fiber to which 21 connects the light source optical system 2 and the 
locabon gap detection optical system 3. and 28 and 29 are multimode opticaffibeTa which are the 
2nd optao.1 fiber wh.ch connects the location gap detection optical system 3 and the 
Zl^T aal SySt8m 4 ' thB ° Ptica ' Wave * uida wh,Qh has f a ^i.ity. rLpectiv^it 
[0010] In the above configurations, the actuation is explained below. The alignment optical 

opStTs^emTand; V?***' f W ^ ° Pti ° a ' SySt " m 2 " '-atioT^p^eteotl 
!!!Ltt:! y ?™ ° nd "S^T 00 *^ * end three eptic»» 5yst cm ie mutually • 

epical 'Z^zLT™^' 0 l3r,Z ^ ,0n maintenance optical fibers 20 and 21 and multimode 
S™ 8 ™ 28 a ? d 29. Moreover, the projection lens 7 carries out Image formation of the 
, r - 6t,C ? 6 i,,uminatec ' fa V the exposure light 6 on a wafer 1 Spacing of the 
eoTr^JT J T d S '' Bt,C,e 5 ° f th?8 imase * "dually large because of about 5:1 

HwZTr " ° P V? ? y8t T' Bnd SPadnS ° f th ° P^^lon lena 7 and a wafer 1 ia narrow. 
However, smce the location gap detection optical system 3 In this exemple is made very small it 



07/30/2004 09:05 FAX 1212 218 4565 FCI1&S NY DOCKETING ■* FCH&S D.C. ©008/028 

07/30 17:43 FAX 03 3433 2978 f SIllMf FJf . ^. FITZPATOICK @008 

3/10 ^—i> 



is possible to place just under the projection lens 7. 

[0011] As the light source optical system 2 is shown in dra wing 4 . the frequency which carried 
out reotangular polarization mutually builds in the laser light source 12 which generates the 
coherent light of fl and f2. In this example, the ZEMA In laser which obtains 2 cycles Is used bv 
. applying a magnetic field to laser tubing. 
COO! 2] As another example of such light source optical system 2, the optical modulator using the 
supersonic wave spread to on one direction and optical system which gives a difference to the 
frequency of the 2 flux of lights using the optical element to which the frequency of light is 
shghtly changed using the Doppler effect after having the light source which generates the 
C S.!f ent °f ' ° yde and div, " din S this coherent light into the 2 flux of lights can be used In 
addition, generally as a delta frequency of frequencies fl and f2. dozens of kHz - dozens of MH? 
oan use it, * 

[0013] In drawing^ . the alignment light (the alignment light fl and f2 is called hereafter) which 
pas the frequencies f1 and f2 which carried out outgoing radiation from the laser light source 12 
turns Into light which polarized in the specific direction using wavelength plotos (lambda/2) 16 
and 17. after being divided intofpolarization optical element 1 component and F2 component by 
13 As a polarization optical element 13 for division, the thing using dielectric multilayers like a 
polarization beam splitter and the thing using two or more refraction like WO RAN stone prism 
are usable. Moreover, although the polarization direction is rotated with wavelength plates 16 and 
17 the reason is for doubling the polarization direction of the plane-of-polarization maintenance 
optical fibers 20 and 21, B nd the polarization direction of the alignment light fl and f2 
[0014] With condenser lenses 18 and 19, it is condensed on the core of the plane-of-polarization 
maintenance optics! fibers 20 and 21, and the alignment light f1 and f2 divided by the polarization 
optical element 13 for division is introduced In an optical fiber 20 and 21. In order to prevent 
reflection of the alignment light in an optical fiber 20 and 21 front faces returning to laser tubinjr 
it is useful to insert optical isolators 14 and 15 in a suitable location. Moreover, since the core ' 
diameter of the p ane-of-polarization maintenance optical fibers 20 and 21 is very small, the spot 
of the alignment light condensed by the light source optical system 2 may carry out the location 
gap of It, and it may reduce the joint effectiveness to optical fibers 20 and 21 . For this reason In 
order to mako effect of thermal expansion or vibration into the minimum, it is necessary to make 
the light source optical system 2 high rigidity and small. ^ 
[00151 Th* plane-of-Dolarization maintenance optical fiber 20 and the alignment light f 1 and f2 

S^Lx 1 ; Si « i*r M nto v ar % ,ed f° the ,ocation * ap detect, *° n ^ z*™ 

1 JrlSr ' i ? nff , P 0,ar ' zat,an emotion, respectively. The alignment light fl and fZ which 
earned out outgoing rad.abon from the plane-of-polarization maintenance optical fibers 20 and 

22 SJSs f th? T * T S 22 ?' 19 m3de *' nt0 Parallel " eht here " A * coLatoHenses 
tLt lln'ituA T 6 7w ! Pre r;° n ° f *««tJon «■* is high enough, and it is requirU 

that magnitude should be small. As such a lens, a gradient index lens (GRIN lens) and an Lpheric 
SSE^E? IB. The alignment light f1 and f2 made parallel by collimator lenses 22 and 23 is 

2K£? T h Bn mCid , Bnt ,,£ht mim,r 24 on the a »enrnent mark 25 which consist* of a 
diffraction grating -en a < wafer 1. " • 

K2!S I h V^ g,e -.^. in0i , dence theta to wafer 1 front facB of alignment light fl and f2 sate 
the p tch of the diffraotlon grating of the alignment mark 25 on a wafer 1 to lambda and th« 
wavelength of P and alignment light Is set up like a degree type (1) in It. 

Theta=sin -1 (lambda/P) ... <1) 

[0018] ^ the alignment light fl and f2 carries out incidence by such incident angle theta both 
the arignment light :f 1 and f2 diffracted by the diffraction grating 25 will go up. Here thl fieuT 
strength El and E2 of f 1 and f2 is expressed like a formula (2) and a formula (S^picJClt 
omZr 'V 8 %H * '*7»J-»*«' 1 *-oP«od path length [ as opposed to / as opposed to V in 
nlT!f *! nd ,°T e ! a2 / *• BngU,ar Va,OGity ° f f7 and f2 ' the ■Kinrn.r* light fl and f2 of the 
D3019] °" ma,ntenance °P tic al fibers 20 and 21 in phil and phi2 ]. 

E1=A1. cos (omegal and t+-2pi x/P+phi 1) ... (2) 
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[0020] 

E2=A2. cos (omega2 and t~2pf x/P+phi 2) ... C3) 

[0021] Since alignment light f1 and f2 is carried out in this way and progresses in the same 
direction, they interferes mutually and generates beat light from which the optical reinforcement 
Is changes on a frequency (f1-f2) like a formula (4) as a result 
[0022] 

Ie=(E1 1 +E2) 2 =A1 2+A22 +2A1 . A2, cos <omeg a 1-omega2) (t +4pix/P+ (phd -phi2» (4) 
[0023] This beat light is again Introduced to a multimode optical fiber 28 by the collimator lens 
^b. and the amount of location gaps of a wafer 1 is detected from this beat light When the 
reason for using multimode optical fibers 28 and 29 is a muitimode optical fiber, its core system 
is large and since the alignment light fl and f2 interferes and it has already suited that it is hard 
to be influenced of a location gap in case alignment light is recombined, It is because it is not 
necessary to hold a wave front. 

[0024] By the way, the optical length of an optical fiber changes with temperature or stress a Jot 
, _Tui. mp l e ' tha ;°^P s '* at "'? of a 1 m optical fiber carries out 1-degreeC rise, optioal-path- ' 
length fluctuation of an about [ a 10-20 wave minute J will be brought about. Moreover when 

? u ■ P ?n S , 9 L, 7 S /= oncernin * a 1 ™ 0 Pticai fiber changes, the optical-path-length fluctuation 
which is 10-6 to ten to five waves is brought about, if this has few differences between the 
environments where the plane-of-polarizatiort maintenance optical fibers 20 and 21 are placed - 
- a formula C2) end a formula (3) — It can set (phil -phi2) — it turns out that it changes and an 
error is produced in location gap detection, then, the beam sampler 30 — this Cphl1-phl2) — It is 
placed in order to measure separately, and the alignment light f1 and f2 by which the rate was 
carried out in part with the beam sampler 30 is irradiated on the diffraction grating 32 of the 
sm™ pitch as the wafer 1 formed on the glass plate 31. Since it is fixed, the diffraction grating 
32 on glass 31 plate produces beat light. This beat light is expressed like a formula (5). when that 
optical reinforcement is set to Ir. 
[0025] 

lr=A12+A2Z +2A1. A2. cos (omegal -omega2) (t + (phi1-phi2)> ... (5) 

L00Z6] It .is led by the collimator | C ns 27 into a multimoda optical fiber 29 like [ this beat light 3 
signal light. Placing Q8 | ant to alignment light is important for the glass plate 31 with which the 

^J^lf^ 32 r 6 l?J^ ed here ' ^ ta beC3USe th « reflectio " fraction light 33 m y b c 
mixed I with .the .reflection diffraction light from a wafer and location gap demotion precision mav 

^TS'.^^^ 0 "^ 0 *^ ' iRht ' S Pr ° dUCBd not ° n]v in the transparencyXectio,^ ZtTn 
Lorlf I d,r « ct, ? n and 8 S ,ass Pl«to 31 is perpendicularly placed to alignment light 
Moreover, the half mirror arranged so that the alignment light fl and f2 mayTe madeTo interfere 

formed ^ * SUbSt,tUted for the ^ with which the diffraction grating 32 wa7 

[0027] The diffraction grating 25 on a wafer 1 changes with each processes which a wafer T 
receives variously. It is the form which generally app,i B d the transparent relit ^ a^ment li^ht 

SSrSSSL r on ZZ? ^ ? G ° °P tlca L mU ' ti,a y e - - the polarization direction of 

hgm sensitively [ on operation of opposite Perilla frutescens (L.) Britton var criaoa (Thunb} 
Decne. ] whichever the alignment light fl and f2 inclines toward [ of P pZri^nSo^Ko* 
luXoen rrH flat ? Urf ?° e u X ° r . S t>olarizat,on <PoIan Z ation perpendicular tTa^Z^ll ^t 
an^ w J W t ^ Vr thB r becomes ***y P> influenced of the surface stet B of a wa^er 1 
2^1 tr^T?"- reaS ° n ' ° PtiCaI fibers 20 and 21 are -o that the 45 degrees 

pK^'5^2;7 f* 0356 r ,hB - re fr ° nt faCe ° f * Wafer 1 ia the aluminum 

pattern etc. the speckle from an aluminum pattern will also be blended in the diffracted 
ahgnment light (diffracted light) 34. The optical pattern on th. focal plane XnS„ B -uoh 
the diffracted light 34 by the collimator lens 26 (on the 28th page afTZmZY^ZlU^ is 
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shown in dravylng.5 . It turns oat that the alignment light 34 which eliminated the speckle light 36 
is received by the core 35 of the multimode optica! fiber 28 arranged in the center section so 
that clearly from this drawing. Thus, it turns out that a collimator lens 26 and a core 35 act also 
as a spatial filter to the alignment light 34. 

[0029] Next the light-receiving optical system 4 is explained using dra wing 6 . In the light- 
reoeiving optical system 4, the alignment light transmitted with two multimode optical fibers 28 
and 29 \a introduced into the photodetectore 37 and 38. such as photomuitipiier. and it changes 
into an electricaf signal. If a phase comparator 39 detects the relative topology difference 
between two signals changed into the electrical signal, it becomes like a formula (4) and (5) to a 
formula (6), and the output proportional to the location gap x of a wafer 1 can be obtained 
[0030] 

(Phase of ls)-(phase of Ir) =4pix/P ... (6) 

[0031] Therefore, the location gap to the projection lens 7 of a wafer 1 can be lost by moving on 
the wafer stage 40 so that the amount of location gaps may become zero based on this output. 
[0032] as mentioned above, from the light source optical system 2 arranged In this example in 
the location left with the body of an aligner Alignment: light Is led to the location gap detection 
optical system 3 placed directly under the projection lens 7 with optical fibers 20 and 21. 
Alignment light is irradiated on the alignment mark 25 of a wafer 1 from the location gap 
detection optical system 3. Again the diffracted light 34 from a wafer 1 to the light-receiving 
optical system 4 with optical fibers 28 and 29 Delivery, The beat light which had the location gap 
information on a wafer 1 with photodetectors 37 and 38 is changed into an electrical signal, 
Alignment of a wafer 1 to the projection lens 7 can be performed with high degree of accuracy 
by calculating the amount of location gaps of a wafer 1 with a phase comparator 39, moving the 
wafer stage 40 based on this, and controlling so that the amount of location gaps of a wafer 1 
becomes zero, 

[U0J3] As mentioned above, although explained using the 1st example per this invention, the 
advantage of this example is being able to keep away the laser light source 12 which miniaturizes 
the location gap detection optical system 3, and turns into a heat source from a delicate device 
part by having separated the light source optical system 2 and the light-receiving optical system 
4 from the location gap detection optical system 3 using optical fibers 20, 21, 20 t and 29 first- By 
miniaturizing the location gap detection optical system 3, the degree of freedom of arrangement 
within the aligner of this optical system 3 can increase, and the location gap detection optical 
system 3 can be arranged now in the very narrow location between the projection lens 7 and a 
wafer 1. For this reason, it becomes possible it not only can to perform now alignment ir, the 
location very near an exposure location, but to make into the minimum effect from the 
atmospheric air which is the easiest to serve as a detection error by laser interference 
measurement. Furthermore, optical system very strong against the disturbance of vibration and 
others Is realizable by having installed the diffraction grating 32 which serves as cnterie into the 
location gap detection optical system 3 ( and having constituted this optical-system 3 whole in 
the compact. Moreover, by not telling the heat from a laser light source 12 to the body of an 
aligner, deformation of a thermal device can be prevented and the stable alignment actuation can 
be guaranteed now. Since the alignment system is constituted using optica! waveguide with very 
Wgh flexibility called an optical fiber, mounting to equipment and optical-axis adjustment become 
vary easy, and there are diversion to other equipments and an advantage of being easy further 
again. 

[0034] Now, in the 1st example of the above, although the location and exposure looation of 
alignment were the very near optical system for alignment (OffAxis alignment), in the 2nd 
example of this invention described below, the configuration of optical system for alignment 
tOnAxis alignment) which is the same is shown in djawjflE.J2 from dr awing 7 . In these drawings, 
the sign used for explanation of the 1st example of the above is used to the same element. 
L0035J A thing important In case OnAxIs alignment is performed is drawing alignment light into 
the exposure flux of light, without kicking exposure light. Generally, alignment light !s- drawn into 
exposure light with a dichroio mirror etc. using the difference in the wavelength of exposure light 
and alignment light. However, when arranging the location gap detection ootloal system 3 like this 
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time to a tooth space which Is called between the projection lens 7 and wafers 1 and which was 
restricted extremely, It is impossible to use a dichroic mirror. 

[0036] So, in the 2nd example of thia invention, as shown in dra.wing_7 , the coating side 41 which 
is the lowest side of the projection lens 7 by which design manufacture was carried out only for 
exposure light fs considered as substitution of a dichrorc mirror. The coating side 41 shows about 
100% of transparency effectiveness to exposure light, and it is designed so that it may have very 
low transparency effectiveness to alignment light, That is, the coating sido 41 which is the 
lowest side of the projection lens 7 consists of a flat surface or a field where curvature is W,u 
and aots as a nearly perfect reflector to the alignment light 8. 

[0037] Next, the light source optical system 2 and the location gap detection optical system 3 in 
the Znd example of this Invention are explained. The light source optical system 2 has the 1st 
same configuration and same function as the light source optical system 2 in the example shown 
in drawing 3 , As location gap detection optical system is shown in draw ing S , it differs to the 
1st example shown in drawing 2 In that the mirror 42 is arranged again by return [ the image 
formation lens 44 instead of a multimode optical fiber 28, and / fiber / 43 / image intermediary 
light transmission ] instead of an incident light mirror 24 instead of the collimator lens ?Q The 
image Ration lens 44 is for carrying out image formation of the alignment mork-CdrSracttoti 
grating} 42 of a wafer 1 on the 43rd page of a picture transmission optical fiber, and a GRIN lens 
and the small spherical surface and an aspheric lens can be used for ft. As shown in drawing 1 1 
the image intermediary light transmission fiber 43 is an optical fiber by which melting'unifTcat'ion ' 
was carried out. as many cores share a clad In one optica! fiber, and can reproduce the image of 
an incidence end Face to an outgoing radiation end face as it is. From this, the condition of the 
alignment mark 45 on a wafer 1 is reproducible in the light-receiving optical system 4 with the 
combination of the image formation lens 44 and the image intermediary light transmission fiber 
43. Moreover, the clinch mirror 42 is used In order to turn the alignment light from the location 
gap detection optical system 3 to the coating side 41 of the projection lens 7 or-to-turr. again tu 
tne location gap detection optical system 3 the diffracted light which reflected from the 
alignment mark 45 on a wafer 1, and was reflected In respect of £ 41 ] coating 
[0038] It reflects in respect of [ 41 ] coating of the lowest side of the projection lens 7 and 
thereby, the alignment light in which outgoing radiation was carried out by the mirror 42 towards 

vV*eZ ° V ret ^? fr ° m thB ,DCati ° n eap detRCtion optical system 3 enters in the flux of 
hght of the exposure l.ght 6. On the 1st pag B of a wafer, the two-dimensional diffraction grating 

ZVsctZ nflP"'^ L^T* ™ a . *^ng * P»« "P the diffraction gating of 

dteSn of x >° d ' ffractjon of the ^tion of Y, the diffraction pattern of the 

direction of X detects a location gap, and the diffraction pattern of the direction of -Y-tVfor- 

■n'Th?^ y ? S . a "5T ent IJght whioh cal - risd ° u t incidence aslant at the same include angle 

11^1 ^ 1 1^' ft" eXamP ' e< Wh8n the anE,B of inoidence t th ° * of return and 

tS s~XlllZ^ " d6termin ^ bV i™*" 2 tHat Py ° f the of\ 

[0039] 

2Py-sinalpha=nlambda (n= 1. 2, ...) ... (7) 

tato?iISSS ^ action P fl " ern of su <* ■ auction of Y. the alignment light 8 can return 

m04n ZJ? !L e ?S ?" ° Pt ' Cal SySt8m 3 3Sain ' after beln * diffracted on a wafer 1. 

to il JSi 9 Th^ iT* OP i ICaI SVSt f m 4 in the 2nd examp,e ^ explained with reference 

to **fflMLfi - The image of the outgoing radiation edge of the picture transmission optical fiber 

actuat3S 7 e a nH 4« ! h maS ? ifyi " 6 '^-46. and the aperture 49 driven two-dimension*? with 
frt ™ £ ? I >i u 6 ,S \ arran * ed ft becomes possible to receive tha alignment light only 
from that nwk with a photodeteotor 38 through a condenser lens 50 to the alignment mark 
which ,. ,n the location of arbitration by this aperture 49. This situation is shown in draw^ 1 2 
This dj3wjng_£ shows Slgns that the thing of most right-hand side is chosen by apeTiure" 49~ 
photodeteotor !S mBnt °^ a,ienment mark * xoept is ™* received with a 

[0042] The advantage which takes the configuration of such Kght-reeeivin- optical system 4 ca„ 
ue explained as follows. That is. since an alignment mark breaks gradually as a wafer receives 
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process processing, the need of using a new alignment mark one after another produces it. In 
OnAxis alignment, since exposure locations ere ** and an alignment location, this means that the 
location of the alignment mark 45 at the time of alignment shifts to the location gap detection 
optical system 3. Therefore, by detecting only the alignment light from the newest alignment 
mark 45, even if a location changes by moving the above-mentioned aperture 49. even if an 
alignment mark is updated, a high detection precision can be maintained. Drawi ng 12 also 
expresses signs that the old alignment mark is removed from the visual field of the light- 
receiving optical system 4. 

[0043] As mentioned above, although explained using the 2nd example per this invention in the 
2nd example of this invention, the advantage that alignment is possible also during exposure is 
out of the advantage explained in the 1st example. For this reason, since alignment is correctly 
carried out to the projection lens 7 when a wafer 1 comes to an exposure location it becomes 
possible to constitute an aligner which does not receive the effect of the movement precision of 
the wafer stage 40 In superposition precision. 

[0044] as mentioned above, from the light source optioal system 2 arranged in this example in 
the location left with the body of an aligner Alignment light is led to the location gap detection 
optical system 3 placed directly under the projection lens 7 with optical fibers 20 and 21 
...Alignment light is irradiated on the alignment mark 25 of a wafer 1 from the location gap " "* 
detection optical system 3. Again the diffracted light 34 from a wafer 1 to the light-receiving 
optical system 4 with optical fibers 28 and 29 Delivery, The beat light which had the location gap 
informat.cn on a wafer 1 with photodetectors 37 and 38 Is changed Into an electrical signal 
Alignment of a wafer 1 to the projection lens 7 can be performed with high degree of accuracy- 
by calculating the amount of location gaps of a wafer 1 with a phase comparator 39. moving the 
wafer stage 40 based on this, and controlling so that the amount of looation gaps of a wafer 1 
becomes zero. 

[0045] Next, the 3rd example of this invention is explained using draw ing 13 . [n this example if 
light source qptioal system is removed, since it has the 1st and 2nd same configurations and ' 
same functions as the above-mentioned example, below, only light source optical system is 
explained. 

[0046] As for 1 / 2 lambda-wave length plate, and 57 and 58, in drawing 1 3 . an isolator the 
aooustooptie modulator with which the laser light source in which 51 generates the linearly 
polarized light coherent light of a single cycle, and 52 used 53, and 54 used the supersonic wave, 
and 55 and 56 are [ a condenser lens and 59 ] beam stoppers. 20 and 21 are the plane-of- 

^^ 0 ^ a J'L na "r J OP ? Oal fib ? r ?. for «mblning with the location gap detection optical 
system 3 which described above this light source optical system 2 

-0047. The oohorsnt light ty Which outgoing radiation was carried out from the light source 5l' 

z^Ztrd^ 7 ?rl! 2 «n ^d J^ d, ! ,deC, lnt ° tHe pHmBry "«ht 61 which received the 

zero order diffracted light 60 wh.ch does not receive e modulation, and a modulation with the 1st 
acoustooptlo modulator 53. The primary diffracted light 61 passes 1 / 2 l^bdJ^TSriS 
Plate 55, and Is combined W ,th the plane-of-polarization maintenance optical fiber 20 with a 
condenser lens 57. Shortly, ft separates into the zero-order diffracted light 62 which does not 

T^ZLT^ITh ? n t^o - Prim3ry f^t* ,ight 63 Which reC6ived the ™*"ation, and the 
ItZZ ♦ • ! f ♦ ,fe 2. 62 '! prevented with th * beam stopper 59. it goes into the 2nd 
X^TrlTpo" ! ^ ^ a " d the Primary diffracted «Sht 63 is combined [ the zero-prder 

°1 it t i "^ receive a modulation passes 1 / 2 lambda-wave length plate 56. 

and ] W.th the plane-0f-p0laH2at.cn maintenance optical fiber 21 for it. Here, the isolator 52 is 
arranged in order to eliminate destabilization of the laser light source 51 by the light which is 
reflected from each optical element front face, and returns to a laser light source 31. 1 / z 
n!?if7 WV %!^ Plates 55 and 56 are inserted in order to make in agreement the plane of 
o^fJ? 0 "- the , pr,mar y ducted l^ts 61 and 63. and the plane of polarization of the piane- 
of-polarizat.on maintenance optioal fibers 20 and Z1. This is as the light source optioal system 2 
In the example of the above 1st having explained. 

[0048] Unlike the light source optioal system 2 in the 1st example shown in drawing_3 the light 
source opt.es! system 2 -in this example writes a laser light source 51 in a singlecycle from 2 
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. cycles, and hss the* advantage that aggravation of the location gap detection precision by the 
mix lump of 2 cycles which had become a problem in said example is completely removable 
Moreover, the rate of the beam of light which can be used as an alignment light among coherent 
light can be increased by having allotted two acoustooptic modulators 53 and 54 to the serial at 
one optical axis, without dividing coherent light. 

[0040] namely, like the light source optical system 2 which shows the light source optical system 
2 in this example to drawing, 14 Although you may constitute so that it may become irreeular 
with acoustooptfc modulators 53 and 54, respectively after a beam splitter 64 divides into two In 
this case, if the intensity ratio to the incident light of the primary diffracted lights 61 and 63 in 
^each aooustocptic -modulators 53 and 54 is set to P1 and P2, respectively, the rate of the light 
which oan be used as an alignment light among the coherent light from a laser light source 51 will 
become like a degree type (8). 
[0050] 

(P1+P2)/2 ... (8) 

£0051] On the other hand, when the light source optical system 2 shown in dr_a wing 1 3 is used, 
the rate of the light which can be used as an alignment light becomes like a "degree type (9). 
[0052] 

P1+C1 ~P1), P2 „. (9) 

lQ0M3-Thersfbro l -« shown in these two formulas, there will be gain of only the quantity of light 
expressed with a degree type (10) by using the light source optical system 2 shown in drawing 
1 3 . 

[0054] 

1/2, andC1-<1-Pt) - (1-P2)) > O ... (10) 

[0055] Since two or more alignment equipments are generally needed for an aligner again, when 
the alignment light reinforcement from a laser light source 51 is strong, by dividing alignment light 
on the way, this example can supply alignment light to two or more alignment equipments by one 
set of the light source, and the advantage that the heat source leading to a measurement error 
can- be lessened produces-it; - 

[0056] moreover, In order to depend for diffraoted-Mght reinforcement on the frequency given to 
acoustooptio modulators 53 and 54 and to obtain a high beat light of contrast, usually Although 
the difference of the diffracted light on the strength is an alignment luminous-intensrty 
difference as it is with the configuration which needs to arrange acoustooptio modulators 53 and 
54 so that two alignment light reinforcement may become as equal as possible, and is shown in 
ara.wjn.E_14 With the configuration shown in drawing Jji . an alignment luminous-intensity 
difference can be eased by arranging the acoustooptic modulator 53 with low reinforcement to 
the light source upstream. 

IflQSi&As.rnentfoned above, by this example, although explained using the 3rd example per this 
invention, since alignment light with high reinforcement and both the alignment luminous- 
intensity difference can be made small in addition to the advantage explained in the 1st and 2nd 
examples, a high beat light of contrast is obtained and there is an advantage which can raise 
alignment precision. Moreover, it also has the advantage that the mechanical strength of optical 
system can be raised, by the ability reducing the total of the component which constitutes 
optical system. 

[0058] Next, the 4th example of this invention is explained using drawing_15 . In d rawing 15 , 
although the light source optical system 2 is the same as the light souree'optica! system 2 in ths 
2r_ example shown in-gYgyyirig; 13 , the light souroe optical system 2 shown in drawing 14 may be" 
used for it Although the light-receiving optical system 4 is the same as the light-receivins 
° pt, ® al oy8 * om 4 ,n '** • xam P ltt « hown in Rawing. 6 , th« ligh-t-reooivfng optical system 4 in 

the 2nd example shown in draw ing 8 may be used for it. Other configurations are the same as 
the 1st and 2nd examples of the above. 

[0059] In drawing,!? , the beat signal amplitude detector by which the output of the 
photodeteetor 37 in the light-receiVihg optical system 4 is inputted into 65, the comparison test 
machine which outputs a control signal as the amplitude of a beat signal made regularity In 66, 
and 07 are the power sources for the acoustooptic modulator 54 of the light souroe downstream 
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into which the control signal from the comparison test machine 66 is inputted. The alignment, 
light control system 68 on the strength is constituted by these. In addition, it may replace with a 
photodetector 37 and the output of a photodetector 38 may be inputted into the beat signal 
amplitude detector 65. 

[0060] As explained in the 1st example, it is influenced from a surrounding environment, the 
amplitude and a phase become unstable, and the alignment luminous intensity by which outgoing 
radiation is carried out from the plane-of-polarization maintenance optical fibers 20 and 21 
brings about aggravation of the location gap detection precision in the light-receiving optical 
system 4. So, in this example, the beat signal detecter 65 detects the amplitude of the beat 
signal outputted from . the Photodetector 37 of the light-receiving optica! system 4, and feedback 
\is applied to the power source 67 which supplies power to the acoustooptic modulator 54 of the 
light source downstream so that the amplitude may become fixed. By applying such feedback it 
becomes possible to remove the effect by the environmental variation which Joins all from the 
light source optical system 2 to the light-receiving optica) system 4 r and aggravation of tho 
location gap detection precision by fluctuation of a beat signal on the strength can be prevented. 

[0061] Inside acoustooptic modulators 53 and 54, the congressional wave which advances inside 
an optical material is generated by the ultrasonic vibrator of singfe frequency, and the coherent 
light which carried out incidence to acoustooptic modulators 53 and 54 is diffracted by the 
refractive-index distribution by the compressional wave. Since the compressional wave of an 
ultrasonic vibrator is a progressive wave, the diffracted light receives a kind of Doppier effect, 
and it receives the vibration frequency modulation only for vibration frequency of an ultrasonic 
vibrator. Since diffracted-iight. reinforcement is the function of the energy supplied to an 
ultrasonic vibrator when vibration frequency is fixed, it can control diffracted-Iight reinforcement 
by electric energy supplied to an ultrasonic vibrator. 

[0062] As other examples to which feedback is applied and which control the alignment quantity 
of light, it is also possible to take the configuration of applying feedback to the power source for 
each acoustooptic modulators 53 and 54 so that the alignment light reinforcement by which 
outgoing radiation is carried out from the plane^of-polarization maintenance optical fibers 20 and 
21 in the light source optical system 2 shown in p£gwtng n 14 may be measured and each 
alignment light reinforcement may always become fixed. 

[0063] As mentioned above, although explained using the 4th example per this invention By 
having the alignment light control system 68 on the strength in this example in addition to the 
advantage explained in the 1st. 2nd, and 3rd examples It becomes possible to remove fluctuation 
of the alignment light reinforcement by the environmental variation which joins all from the light 
source optical system 2 to the light-receiving optical system 4. and has the advantage that 
aggravation of the location gap detection precision by fluctuation of a boat signal un the strength 
can be prevented. 
[0064] 

[Effect of the Invention] As mentioned above, in order to carry out alignment of the body placed 
on the image formation side of a projection lens according to this invention The light source 
optical system which carries out outgoing radiation of the coherent alignment light, and the 
location gap detection optical system which was connected to this light source optical system 
through the 1st optical fiber, and has been arranged near the projection lens. The light-receiving 
optical system which changes Into an electrical signal the alignment light by which is connected 
to this location gap detection optical system through the 2nd optical fiber, and outgoing* radiation 
is carried out from the 2nd optical fiber. It has an alignment light control system on the strength 
for making regularity the amplitude of the electrical signal from this light-receiving optical 
system. Alignment light is irradiated by whenever [ specific incident angle ] according to location 
gap detection optical system through the 1st optica] fiber at the diffraction grating on a body 
from light source optical system. Lead the diffracted light from this body to light-receiving 
optical system through the 2nd optical fiber, and it changes into an electrical signal. Since the 
alignment luminous intensity whioh carries out incidence to the 1st optical fiber was adjusted so 
that the objective amount of location gaps might be calculated from this electrical signal, the 
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amplitude of that electrioal signal might be further measured according to an alignment liaht 
control system on the strength and that amplitude might become fixed While being able to 
miniaturize location gap detection optical system and being able to make mounting to equipment 
easy t becomes possible to remove the effect by the environmental variation which joins all 
from light source optical system to light-receiving optical system. Aggravation of the location 
gap detection precision by alignment luminous-intensity fluctuation can be prevented and the 
aligner which has the highly precise alignment system which minlmum-ized effect of Vibration 
the effect of atmospheric-,, heat deformation of equipment, etc. can be realized 
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